The mouse cytomegalovirus (CMV), a β-herpesvirus, exploits its large (~230 kb) doublestranded DNA genome for both essential and non-essential functions. Among the nonessential functions are those that offer the virus a selective advantage in eluding both the innate and adaptive immune responses of the host. Several non-essential genes of MCMV are thought to encode MHC-I-like genes and to function as immunoevasins. To understand further the evolution and function of these viral MHC-I (MHC-Iv) molecules, X-ray structures of several of them have been determined, not only confirming the overall MHC-I-like structure, but also elucidating features unique to this family. Future efforts promise to clarify the nature of the molecular ligands of these molecules, their evolution in the context of the adapting immune response of the murine host, and by analogy the evolution of the host response to human CMV as well.
Introduction
Viruses engage in an interpretive dance with the cells and hosts that they infect. As viruses, they are not free-living organisms but are dependent upon metabolic functions provided by their hosts. As genetic beings, their primary mission is to preserve the viral genome and transmit it to future generations, and they can accomplish this successfully through a variety of mechanisms. Vertebrate viruses encounter resistance from the host in the form of the inflammatory response and innate and adaptive immunity, which form an overlapping network of cellular and molecular reactions to the perturbations induced by viral infection. The virus exploits its rapid life cycle to generate mutants, which allow escape from the repression of the immune system. The host immune system matures and evolves, refining its repertoire of responses. The virus is controlled, to a degree; its mutants then escape again.
This evolutionary play is enacted by all parasites and all hosts. Viruses, as examples of relatively simple cellular parasites, may be as simple as the phage that infect bacteria, in which lytic infection gives rise to a burst of progeny that serves as a source of mutants to combat cellular variation and resistance of the bacterial host. Some bacterial viruses establish a persistent infection that leads to long-term production of viral particles that can proceed to infect neighboring bacteria. They may also enter a cryptic state known as lysogeny (e.g. bacteriophage λ), in which the phage genome integrates into the host chromosome and, repressed, replicates in step with the host. Appropriate environmental conditions lead to derepression and excision of the viral genome and entry into a lytic phase. Among the viruses that affect vertebrates, those with relatively small coding capacity (such as the RNA viruses rhinovirus (~7 kb for human rhinovirus A) or influenza A (~13 kb total for 8 segments)), rely on extensive antigenic variation to escape the host immune response. Vertebrate viruses with larger DNA genomes, such as the pox-or herpesviruses, follow a long-term strategy, and often manage to co-exist with their hosts for life. The advantage of the larger genomes of these DNA viruses is that in addition to encoding essential functions for virus replication, survival, and maturation, they may encode a number of proteins that can interact directly with molecules involved in the host immune response. They thus can tip the balance in favor of the virus, resulting in the establishment of persistent infection or of latency. Because the host inflammatory/immune system has evolved to generate antibodies, natural killer (NK) cells, and antigen-specific T cells against foreign viruses or their products, the virus has correspondingly evolved many different mechanisms to achieve its survival. One general scheme used by the latent/persistent viruses (such as herpes simplex) is to sequester themselves from the host by infecting non-permissive cell types that act as reservoirs for their genetic material. In such cellular reservoirs, little or no gene transcription occurs until the viral genome is reactivated, allowing entry into a new maturation phase and further viral spread [2] . In addition to viral genes involved in establishing latency, other pathways of viral interference include the blockade of antigen presentation, evasion of NK cell responses, disruption of cytokine signaling networks, inhibition of apoptosis in virus-infected cells, and evasion of antibody and complement responses [3, 4] . The herpesvirus family provides examples of virus-encoded proteins that target each of these different pathways. Recently, the human cytomegalovirus has been shown to modulate the host immune response via a microRNA that downregulates a stress-induced molecule seen by the host [5, 6] .
The herpesvirus family, which includes α, β, and γ-herpesvirinae, serves as a prime example of the many immunoevasive strategies that such large DNA viruses employ. The prototypic human cytomegalovirus (HCMV), for which some 50% to 90% of humans are seropositive [7] , causes no clinical disease in the healthy, but serious and fatal disease may result from primary infection or activation in immunocompromised patients (such as transplant recipients, AIDS patients, and newborns). The murine CMV (MCMV) serves as a valid experimental model for the human disease, and is particularly valuable in that specific viral genes can be targeted in deletion mutants. Specifically, non-essential genes of MCMV have been studied extensively for their effects on T cell and NK cell recognition. MCMV causes acute, persistent and latent infection in mice [8] . The 230 kb genome, encoding about 170 unique open reading frames (ORF), is organized such that its central portion directs the synthesis of molecules crucial for essential viral functions such as virus replication. This region is conserved among CMVs of different species. The termini of the genome are considerably more divergent and, in the mouse, consist of two sets of genes that function in immunoevasion. On the left arm of the genome are the genes of the m02 family, consisting of m02 through m16, and one member of the m145 family, m17, and toward the right arm are the other members of the m145 family, comprising of m145, m146, m150 through m155, m157, and m158 [9] . Early on, it was noted that the sequence and biochemical similarities of the product of the MCMV gene m144, which maps proximal to m145, though technically not considered a member of the m145 family, may be considered a distant relative [10] .
Each of the genes of the m145 family encodes a likely signal peptide, a transmembrane region (except for the m157 protein which has a glycosyl-phosphatidyl-inositol (GPI) linkage site instead), and several sites for N-linked glycosylation. The rat CMV encodes a homologous and expanded family of such genes. However, all members of the mouse m145 family are not conserved. Rat homologs with both sequence and positional homology are r145, r149, r150, r151, r152, r155 and r157 [11] . An interesting feature of the mouse m145 protein family is that eight members (nine including m144) are predicted to adopt an MHC-I-like fold despite no having significant sequence similarity to MHC-I molecules [12] . A multiple sequence alignment of the predicted MHC-I-like m145 proteins and their rat homologs (including signal peptide, transmembrane and intracellular domains) is shown in Fig. 1 . The viral proteins share low levels of amino acid similarity (<30%), and there are very few residues conserved in all family members. The predicted extracellular regions of the proteins are most similar, whereas the Nterminal (signal peptide) and C-terminal (predicted intracellular domain) regions show very little conservation. Some cysteine residues, involved in disulfide bonds, are conserved. These are indicated in the figure. Several important immune evasion functions of MCMV are attributed to members of the m145 family. 
Evidence for MCMV interference with the immune response
Among the strategies employed by MCMV to avoid the host immune response are to interfere with the activation of NK cells and to subvert the complex process of antigen presentation [13, 14] . Although m144 was identified as an MHC-I-like molecule, the mechanism for its biological effects has been unclear. Farrell et al. [15] showed that a mutant MCMV with a disrupted m144 gene was less virulent during acute infection and that this was reversed by NK cell depletion of the host. m144 expression in human cells [16] as well as in a mouse cell line [10] revealed resistance to NK cell cytotoxicity. Thus, it has been hypothesized that m144 binds an inhibitory NK cell surface receptor. To date, however, no NK cell or other ligand for m144 has been identified.
Of the m145 family, four members have been shown to interfere with the NK cell response. m145, m152, and m155 have all been shown to contribute to the downregulation of specific host cell encoded molecules that serve as ligands for the activating NK cell receptor NKG2D [17] [18] [19] [20] . In addition, m157 can bind an NK inhibitory receptor expressed in some mouse strains [12, 21] . Cells exposed to various types of cellular stress, including but not limited to temperature, oncogenic transformation, or viral infection, express higher levels of Rae1 (of some 5 isoforms), H60, and MULT-1 [22] , and m145, m152, and m155 have an antagonistic effect on the surface expression of MULT-1, Rae1, and H60 respectively. Subtleties of the relative effects of m152 on the different isoforms of Rae1 are currently under active investigation. It is interesting to note that Rae1 (whose structure has been determined crystallographically, [23] ), H60, and MULT-1 are also related to MHC-I in structure, but only have the amino terminal α1 and α2 domains of the MHC-I fold. Another MCMV encoded protein interferes with NKG2D ligand expression. The viral FcRγ receptor encoded by the m138 gene was recently shown to reduce the surface expression levels of H60 and MULT-1 in MCMV infected cells [24] . This study revealed distinct modes of interaction of the FcRγ with H60 and MULT-1 and emphasizes the diversity of Fc receptor function. MCMV m157 has been identified as a ligand for the NK cell activating receptor, Ly49H [12, 21] , which is expressed in mouse strains that are resistant to MCMV (such as C57BL/6). Ly49H expression accounts for the MCMV resistance locus, Cmv1, which maps to the NK cell gene complex (NKC) on mouse chromosome 6. In addition, in some MCMV-sensitive mouse strains, such as 129/J, an m157 ligand on NK cells, Ly49I, an inhibitory receptor, has been identified [12, 21] . It would thus appear that the virus first was selected to express m157 as a ligand for an NK inhibitory receptor (such as Ly49I) providing a selective advantage to those viruses that could deliver a negative signal to the host NK cells. The host, under the selective pressure of the virus, then generated a variant of Ly49I (such as Ly49H) that then could bind m157 as an activating receptor. This is the situation in mouse strains that are resistant to MCMV. Finally, the virus can generate mutants that have escaped the recognition of the activating receptor. Indeed, in an experiment where MCMV was serially passaged through resistant B6 (Ly49H + ) mice, several virus clones could be isolated that contained mutations in the m157 gene. The mutations all either blocked the cell surface expression of m157, or failed to bind to Ly49H [25] . These results indicate that the virus quickly adapts under selective pressure from the host innate immune system. MCMV also encodes several proteins that target antigen presentation by MHC class I molecules. Three of these are unrelated to MHC-I and the fourth, m152, is similar to MHC-I in amino acid sequence. Such molecules have been called VIPRs-Viral proteins that Interfere with antigen Presentation-to distinguish them from immunoevasins that function via different mechanisms. The m04 and m06 genes encode gp34 and gp48 respectively, and they affect MHC-I trafficking in different ways. m04/gp34 associates with MHC-I in the ER, and these complexes are transported to the cell surface where the proteins remain associated [26] . m06/gp48 redirects MHC-I molecules to lysosomes, where they are subsequently degraded. m06/gp48 has a di-leucine motif in its cytoplasmic tail that facilitates binding to adaptor proteins AP-1A and AP-3A and is sorted into the lysosomal pathway. Both m04 and m06 belong to the m02 gene family of MCMV. Other m02 family members have not been characterized functionally. The m152 gene that encodes the gp40 glycoprotein was the first MCMV immunoevasin to be described [27] . Initial observations showed that an epitope derived from the immediate early (IE) protein pp89 was presented during IE MCMV gene expression but not when early genes were expressed [28, 29] . Further studies revealed that the virus blocks antigen presentation by retaining the tri-molecular MHC-I complex (heavy chain, β2-microglobulin (β2-m) and peptide) in the ER/cis-Golgi compartment [30] . The region affecting MHC-I transport was mapped to the HindIII E fragment of the genome [31] . m152 was identified as the gene responsible for MHC-I downregulation [32] , and the lumenal domain of m152 was implicated in promoting the retention of MHC-I molecules [33] . There is as yet no published evidence of a stable m152/MHC-I interaction and the exact mechanism of retention remains a mystery.
The biological consequences of the concerted action of m04, m06, and m152 are not well understood. A complex picture has emerged from studies utilizing engineered deletion viruses specific for single immunoevasins or combinations of them. These three viral genes exhibit different efficiencies in targeting different MHC-I alleles [34] . Early studies indicated that m04 could inhibit CTL lysis of MCMV infected cells [35] . It was proposed that m04 prevents the TCR from recognizing MHC-I, thereby reducing CTL activity. m04 was thus considered a negative regulator of antigen presentation [36] . More recently a comprehensive analysis of the effect of m04 on antigen presentation both in vitro and in vivo has been undertaken [37] . These experiments provided important new insight, namely that m04 instead acts as a positive regulator of antigen presentation. Cells that were infected with an m04/m06 deletion mutant MCMV successfully evaded CTL stimulation and lysis. Thus, m152 expression is sufficient to block antigen presentation and evade CTL attack. However, when m04 was expressed in combination with m152, the infected cells became susceptible to CTL lysis, suggesting that m04 restores antigen presentation by escorting MHC-I to the cell surface. Wild-type MCMV-infected cells, where m04, m06 and m152 are expressed in combination, were able to evade CTL responses. Therefore, m06 counters the positive effect of m04 and allows escape from immune recognition [37] .
It was assumed that VIPR function was essential for MCMV to establish persistent infection in mice. However, a deletion mutant for m04, m06, and m152 did not differ in its ability to establish acute, persistent, and latent infection in adult C57BL/6 mice. Furthermore the size and effector memory phenotype of the CD8 + T cell response elicited after infection with the triple mutant virus was comparable to the response against wild type virus [38] . MCMV infection in salivary gland acinar epithelial cells cannot be controlled by CD8 + T cells and is only cleared by CD4 + T cells. The effect of deleting all three VIPRs on virus replication in the salivary gland was recently tested. Mice infected with the m04/m06/m152 triple knockout virus had 10-fold lower salivary gland titers than mice infected with wild type MCMV. The virus titers could be restored to the levels reached in a wild-type MCMV infection by depleting CD8 + T cells [39] . Taken together, it seems that the MCMV VIPRs affect antigen presentation to CD8 + T cells in the salivary gland epithelial cells and may be important to sustain virus production in the salivary glands and promote transmission to new hosts.
MCMV also encodes two molecules that influence chemokine function during infection. MCK-2, a CC chemokine homolog, promotes dissemination of the virus to the salivary glands [40] , and M33, a viral chemokine receptor, has been shown to be very important for successful virus replication in the salivary glands [41] . MCMV can infect dendritic cells and encodes the modB7-2 protein that selectively downregulates CD86 in antigenpresenting cells [42] . Other viral products that modulate the complement pathway [43] and prevent apoptosis in infected cells have also been described [44] .
In addition to the proteins indicated above, which interfere with the host immune response, recent papers have begun to address the possibility that virus-encoded microRNAs might target sequences in host genes that are involved in virus resistance. Stern-Ginossar et al. [5] identified a microRNA of the HCMV, hcmvmiUL112 RNA, that downregulates the expression of MICB, a stress-induced molecule which is also a ligand for the activating NK cell receptor, NKG2D [6] . A similar mechanism that might also function in the MCMV is another means by which the virus can modulate its interactive dance.
Do MHC-I-like genes of CMV encode MHC-I like molecules?
Major questions raised by the initial analysis of the DNA and encoded protein sequences of the mouse and human CMVs included: (1) are the molecules predicted to be MHC-Ilike by bioinformatic analysis truly MHC-I-like in biochemical characteristics and molecular structure? and (2) do such molecules bind ligands that would explain their selective advantage for the virus? Both Arase et al. [21] and Smith et al. [12] addressed the second concern with respect to the Cmv1 locus that encodes Ly49H. Our laboratory has taken a multifaceted approach to address these questions for the mouse CMVs. We have cloned the cDNAs of the predicted MHC-I-like genes, analyzed their expression following transfection into several cell types, and determined the structure of two representative members, m144 [45] and m153 [46] . In addition, the structure of m157 has also recently been reported [47] , and the structure of a distantly related MHC-I-like molecule from HCMV, UL18, has also been described [48] .
Expression at the cell surface of m145 family members
The normal expression of classical MHC-I molecules at the cell surface is dependent on at least two additional components of the cellular machinery: the presence of the light chain of the MHC-I complex, β2-m, and the availability of peptides, initially processed by the proteasome in the cytoplasm and delivered to the endoplasmic reticulum via TAP, the transporter associated with antigen processing. We first asked whether members of the m145 family were expressed as cell surface protein on transfection of COS-7 cells [1] . Using expression constructs encoding amino-terminal FLAG-Tag epitopes, we showed that m17, M37, m144, m145, m151, m152, m153, and m155 were expressed with varying efficiencies (Fig. 2) . Both m152 and m155, which are expressed poorly, or not at all at the cell surface, are expressed well when assessed by intracellular staining (Fig. 2b) . Because the MHC-I fold was predicted for all members of the MCMV m145 family as well as m144 and M37 [12] , we determined whether m144, m145, m151, m153, and M37 share the requirements of classical MHC-I molecules for β2-m and peptide for stable expression. Thus, we transfected N-terminally FLAG-tagged constructs into a cell line deficient in β2-m (R1E [49] ) as well as its β2-m-sufficient counterpart (R1.1) (Fig. 3) . The surface expression of all five proteins was equivalent in both cell types indicating that none of them requires β2-m for stable surface expression [1, 45, 46] . As reported elsewhere, for m144, although the molecule copurifies with β2-m, in such transfection experiments, there is no absolute requirement of β2-m for cell surface expression [45] . Also, we explored the requirement for TAP for cell surface expression of M37, m145, m151, and m153 by transfection experiments with RMA (TAP + ) and RMA-S (TAP -) cells (Fig. 4) . Clearly, the viral proteins do not require normal TAP function for stable cell surface expression. 
Structures of MHC-Iv molecules
Although amino acid sequence alignments, and bioinformatic evaluation suggested that members of the m145 family are structurally similar to MHC-I molecules, the only definitive approach indeed is to determine the molecular structure of several representative molecules in three dimensions, using the technique of X-ray crystallography. Our laboratory has determined the structures of m144 and of m153, and the structure of m157 has also recently been reported [47] . We will summarize these structures here and indicate the salient differences.
The structure of m144
To determine the structure of m144, we first engineered the extracellular domain of the mature molecule for expression as inclusion bodies in E. coli, determined conditions for its refolding in the presence of the light chain, β2-m, and, following purification, identified conditions under which diffraction quality crystals formed. One crystal diffracted synchrotron radiation to 1.9 Å, and a complete data set was obtained [45] . Solved by molecular replacement, the structure was further refined by standard methods, and provided the structure illustrated in Fig. 5 . The overall structure of the m144/β2-m complex revealed the canonical MHC-I-fold, with an α1α2 domain unit consisting of two anti-parallel α-helices supported on a platform of anti-parallel β-sheets. One conserved disulfide bond (connecting Cys 98 to Cys 128) and one unique disulfide (Cys 28 to Cys 70) stabilize the structure. The α3 immunoglobulin-like domain is structurally similar to that of bona fide MHC-I molecules, although the "hinge" angle that it makes with the α1α2 domain unit is extreme as compared to those of other MHC-I molecules. The molecular contacts of the m144 heavy chain to the β2 -m-subunit are largely conserved. Nevertheless, the amino acid residues of genuine MHC-I molecules that make contact with the CD8 coreceptor on T cells (residues of the α3 domain "acidic loop", residues 222 to 229 of classical MHC-I molecules) are not conserved, consistent with the view that m144 does not interact with CD8. Fig. 5 Structure of m144. A ribbon diagram of the X-ray structure of m144 (PDB code 1U58) is illustrated, with the domains of the protein labeled. The region of the missing density at the amino terminal end of the α2 helix is sketched in as a cartoon One remarkable feature of the m144 structure is that a stretch of 13 amino acids that exists in the protein (residues 115 to 127), is absent from the electron density map. We conclude that this region, a region that one would expect to be the amino terminal part of the α2 helix, exhibits remarkable flexibility in the crystal. Although one interpretation of such apparent flexibility is that this is merely a mobile region of the molecule that failed to assume a consistent position in space in the crystallographic unit cell, an alternative is that such flexibility implies that this is a binding site for a ligand. Indeed, there is a developing concept that unstructured regions in proteins play an important role in their adaptability as binding partners in important cellular signaling pathways [50] [51] [52] . Finally, in m144, no electron density was visualized in the cleft region between the α1 and α2 domains, and no space for a missing peptide was apparent in this region either. This is consistent with the finding that m144 fails to require peptide for in vitro refolding, and that no peptides copurified with m144 expressed from cultured cells [53] .
Structure of m153
To address further the question as to whether other members of the m145 family are structurally related to MHC-I molecules, we explored the recombinant expression, purification, and crystallization of several additional members of the family. Despite the successful expression of m17, m90, m150, m151, M37, m153, m155, and m159 in E. coli as inclusion bodies, we were unsuccessful in refolding any of these proteins following solubilization. Several of these (M37, m151, and m153) were then expressed as proteins from secreted Drosophila S2 cells [1] , and one of these, m153, was selected for further study because of the high level of protein expression and the lack of apparent aggregation in size exclusion chromatography. In addition, m153 serves as a representative of the group, or sub-family, which includes, m150, m151, and m152. These proteins are 41 to 44% similar to each other with respect to their amino acid sequence, and m152 and m153 have 28% amino acid identity. m152 has two known functions that bestow a selective advantage on those virus isolates that express this molecule-the downregulation of host cell MHC-I expression, and the downregulation of host cell Rae-1 expression. m153 has (as of this writing) no known biological function, but analysis of the gene and encoded protein sequences of a number of wild isolates of MCMV indicates that the encoded protein is highly conserved, suggesting that it is under selection for a particular function. The encoded m153 protein sequences from six different virus isolates as compared to the laboratory Smith and K181 strains are presented in Fig.. 6 Fig. 6 Multiple amino acid sequence alignment of laboratory and wild isolates of MCMV m153 encoded proteins. The sequences of two laboratory strains, Smith and K181, are compared with six additional wild isolates. Numbering is from the amino terminus of the unprocessed translation product, and domain locations are indicated. Cysteine residues involved in disulfide bonds are indicated by stars, and are numbered according to the mature protein sequence
The biochemical characterization of the recombinant m153 protein initially suggested that the extracellular domain of the molecule formed a non-covalent dimer. This was confirmed by analytical ultracentrifugation analysis, pull-down experiments, and fluorescence complementation analysis in transfectant cells [1, 46] . The threedimensional crystal structure, solved at 2.4 Å resolution using selenomethioninesubstituted protein for phasing by the method of single anomalous dispersion (SAD), offers more detailed visualization not only of the overall protein fold, but of the nature of the dimerization interface. Once the detailed atomic interactions at the interface were defined crystallographically, site-directed mutagenesis studies and analysis of the resulting protein confirmed the nature of the dimer interface [1, 46] .
The overall structure of the m153 homodimer revealed a single homodimer in the crystallographic asymmetric unit, with two individual chains associated non-covalently (see Fig. 7a-f) . The structure reveals the basic features of the MHC-I fold, two antiparallel α-helices representing the α1 and α2 domains, supported on a platform of antiparallel β-strands, and a relatively independent immunoglobulin-like α3-domain. Novel features include the lack of a β2-m subunit, the narrow juxtaposition of the helices that in other MHC-I molecules define the peptide binding cleft, the extended amino-terminal region joined by a disulfide bond to the H2b helix (Fig. 7a) , and tight non-covalent dimer assembly (Fig. 7d-f) . The lack of a binding cleft is emphasized in a surface representation of the molecule (Fig. 7c) , which shows the lack of space to accommodate a ligand. The most provocative aspect of the m153 structure, however, is that the noncovalent dimer appears to form a unique binding site poised for interaction with some ligand. Several experimental strategies are currently being employed in the efforts to identify a functional ligand that binds m153, and that would explain the conservation of the m153 sequence in the genomes of the wild mouse-derived cytomegaloviruses. Fig. 7 X-ray structures of m153 and m157 reveal novelty, similarities, and differences among members of the m145 family of proteins. Structures of m153 (PDB id: 2O5 N) (panels a to f) and m157 (PDB id: 2NYK) (panels g to i) are shown in either ribbon (a, b,  d, e, g, h, i) or surface (c, f) representation). The m153 monomer is shown in a to c, and the homodimer in e to f. m157 is displayed in g and h. i shows a superimposition of m153 and m157. All molecular illustrations were prepared with PyMOL http://www.pymol.org [55] Structure of m157 m157 is one of several members of the m145 family for which molecular ligands are known [12, 21] , and recently the X-ray structure of m157 was determined [47] . As shown in the amino acid alignment of Fig. 1, m157 , though clearly related to m153, lacks the amino terminal disulfide bond common to m152, m153, m151, m17, m155, pr151, and pr152. m157 clearly has a peptide-free, β2-m-free MHC-I-like structure, but lacks the remarkable homodimerization observed for m153 (Fig. 7g-h ). Its amino terminal residues form an α-helix that extends away from the rest of the molecule in a unique configuration. In addition, electron density corresponding to amino acids 132 to 146 was not observed in the structure, a region very similar to the region of m144 that lacked electron density. We would suggest that this again indicates that this region, located at the amino terminal end of the α2-helix, may prove to be an unstructured region that is involved in ligand binding. The structure of m157 also provides a valuable framework for understanding a set of m157 mutants that escape NK cell resistance or that are incapable of stimulating Ly49H + -reporter cells [25, 54] . Two possible regions, either the β-sheet floor of the α1α2-domain or an area that seems close to the novel α0 helix have been proposed to serve as the Ly49H or Ly49I 129 binding sites on m157 [47] .
Conclusions
The past several years have been witness to the determination of the nucleotide sequences of the entire genomes of numerous organisms including a number of medically important viruses. Initial analysis of these nucleotide sequences establish likely ORFs and further bioinformatic analysis of the ORFs has supported the prediction that in the mouse cytomegalovirus there are a number of genes that encode molecules with structural similarity to classical MHC-I molecules. Functional studies of these MHC-Iv molecules have led to the conclusion that several of them perform valuable immunological functions to allow the successful propagation of the virus. Experiments surveying the expression of the ORFs and the nature of the proteins they encode lead to several notable conclusions. It is clear from transfection experiments, that most of the m145 family members are effectively expressed at the cell surface, even in the absence of β2-m and access to peptide (via TAP function). Structure studies from our laboratory and others have definitively shown that several representative members of the MHC-Iv molecule family, m144, m153, and m157, are structurally related to classical MHC-I molecules, although they also have distinctive features. Further studies promise to define the molecular function, ligands, and sites of interaction of these interesting molecules, and perhaps to shed additional light on the selective forces that help pathogen and host survive and continue their evolutionary dance.
